The significance of bone sclerosis in infants and children as seen on X-ray examination is discussed.
Introduction
The opacification of bone depends upon the distribution of calcium salts in an intercellular ground substance which is apparently evolved by special cells of the connective tissue seriesfirst chondroid from chondroblasts then osteoid from osteoblasts. In the adult the fibres of this matrix are arranged in sheets or lamellae. In infants they form a non-lamellar felt-work.
Resorption of bone is probably effected by the osteoclast. The balance between the activity of osteoblast and osteoclast determines the growth and shaping of bone and the formation of its internal structure. Osteoclasts can act only on calcified matrix and according to Snapper (1957a) do not function before the infant is 8 months old. Several workers, including Johnston & Deiss (1966) have shown that calcitonin causes bone sclerosis by interfering with bone resorption. Foster et al. (1966) demonstrated increased trabecular bone at the metaphyses of parathyroidectomized rats treated with calcitonin, with increase in spongiosa and a significant re- duction in osteoclasts at these sites. From the literature (Snapper, 1957b; Shapiro, 1962 ; Stanbury, 1962; Aegerter & Kirkpatrick, 1963) , it seems that interference with osteoclastic activity either from failure of cellular function or because of unsuitable substrate, leads to excessive skeletal retention of calcium. Infant bone is peculiarly sensitive owing to the rapid turnover of its constituents. Some of the causes are illustrated by these case reports.
Material and methods
The illustrative cases considered presented in the routine work of a general children's hospital in a 5-year period. In the absence of opportunity for step-wedge densitometry in this retrospective study bone density was assessed relative to soft tissue opacity as compared with 'normal' casualty cases X-rayed with the same factors (48 kV, 4.4 mAS 100 cm. Standard screens and films). Increase in density when not accompanied by disturbance of osseous outline was interpreted as osteosclerosis (Collins, 1966) .
Sclerosing renal osteodystrophy
The mechanism of the sclerotic process is not known. Renal failure interferes with absorption of calcium from the gut (Grainger, 1964) and allows calcium loss as base in the urine. Ginzler & Jaffe (1941) and Lalli & Lapides (1965) suggest that renal acidosis leads to malacia but as the renal disease improves, excessive recalcification may cause sclerosis. Bone biopsy in five of seven chronic cases reported by Wolf & Denko (1958) showed dense cortical bone with little cellular activity. Sussman & Poppel (1942) mention osteosclerosis in protracted cases and Davis (1953) reported combined productive and destructive bone lesions at autopsy. Karani (1955) suggested that secondary hyperparathyroidism due to low blood calcium stimulates both osteoclasts and osteoblasts. Cysts and sub-periosteal erosions indicative of hyperparathyroidism were found by Craven (1964) (Fraser, 1964 
Idiopathic hypercalcaemia
Hypercalcaemia in infancy associated with mental defect, osteosclerosis, a typical facies, varying degrees of renal impairment and a systolic heart murmur has been reported by Butler (1951) , Fanconi (1951) , Lightwood (1952a, b) , Payne (1952) (Fraser, 1961) , and ten cases in Australia in the 5 years 1954-59 (Clements, McDonald & Williams, 1961 (Fig. 3) was associated with a serum calcium of 11-8 mg/ 100 ml and a blood urea of 57 mg/100 ml. Urinary investigations including excretory urograms were normal. Rapid clinical improvement followed a low calcium diet, and in 6 weeks the blood calcium was 9-4 mg/100 ml and the blood urea 42 mg/100 ml and subsequent progress was satisfactory. Case 4 Admitted aged 15 months with 6 months' history of vomiting, conspitation, failure to thrive and inability to sit up. Muscle tone was poor. X-ray of wrist, spine and knees showed sclerosis at the epiphyses and the vertebral bodies (Fig.   4a ). In the skull views the calvarium was dense and thick (Fig. 4b) (Fig. 6a and c) . No carpal centres were seen. Chest X-ray and intravenous pyelography showed increased skeletal density but no other abnormality (Fig. 6b) . The centres for femoral heads had not appeared. The serum calcium was 12-5 mg/100 ml, blood urea 69 mg/ 100 ml. The hypothyroid state was confirmed by a serum protein bound iodine of 2-7 ,/g/100 ml.
Thyroxine therapy led to clinical improvement but the child later died from bronchopneumonia.
X-rays taken after death showed marked reduction in bone density. Necropsy revealed a hypoplastic thyroid. No renal lesions were found. Idiopathic osteopetrosis (Albers-Schinberg disease)
In this condition the normal lamellated pattern of cortical and cancellous bone is replaced by dense structureless tissue. Allowing for filling-in of the marrow spaces with bone, the calcium and phosphate content relative to the organic matrix is not significantly increased. The ab- normality lies in the arrangement of collagen fibres and in the distribution of mineral salts. Rubin (1964) (Enticknap, 1954; Engfeldt, Engstom & Zetterstrom, 1954) . High urinary phosphate excretion in their cases suggested an associated metabolic disturbance (Pincus, Gittelman & Kramer, 1947) history of failure to thrive, anaemia and feeding difficulty. X-ray showed increased density and periosteal stripping of ribs, shoulder-girdle and long bones ( Fig. 7a and b) . The metaphyses were fragmented and wrist centres were delayed. Blood calcium, phosphate and alkaline phosphatase were normal. Hb 11-2 g/ 100 ml, leucocytes 27,650/mm3. Biopsy from iliac crest showed hypoplasia of all elements. The haemoglobin level gradually fell to 7-1 g/100 ml 6 weeks later. The fall was accompanied by the appearance of subperiosteal haemorrhages on X-ray which calcified well and seemed to contribute to the 'os-in-os' appearance at the bone ends. The films resembled those of Back & Cole (1958) in which osteopetrosis was complicated by rickets and scurvy. The nutritional state was good and rickets or scurvy were not considered likely on clinical grounds. The bleeding tendency was attributed to defective haemopoiesis. After transfusion the haemoc globin level remained at about 12 g/ 100 ml. The skull (Fig. 7c ) became increasingly sclerotic.
The feeding difficulty was relieved by insertion of polythene tubing through the blocked posterior nares and the child was allowed home.
Differential diagnosis of increased bone density
It is important to establish that the increase in bone density is real and not an effect of contrasty film quality. Where the appearance of the spine is suggestive of sclerosis, confirmation should be sought at the bone ends. The diffuse density of neonatal bone, exaggerated in erythroblastosis, can be recognized by the history. Rubellar osteitis causes sclerotic foci at the bone ends and is accompanied by erosions and by other features of the syndrome. Idiopathic osteopetrosis must be distinguished from pycnodysostosis (Maroteaux & Lamy, 1962) where bone modelling is normal in spite of increased density, and there is associated hypoplasia of the facial bones with delayed closure of the fontanelles. The bones are short, in particular the distal phalanges, otherwise the general outlook is good on this condition.
When hypothyroidism is responsible for the sclerosis gross delay in ossification will make this clear, but less marked retardation may accompany other causes of failure to thrive.
In many cases there may be an interplay of factors causing osteosclerosis which cannot be sorted out by X-ray findings alone. For example sclerosing renal osteodystrophy may be in part an overcompensated healing of 'osteitis fibrosa generalisata' or of malacia (Reinfenstein, 1957; Lalli & Lapides 1965) . Toxic action on the osteoclasts would seem a reasonable contributory cause, since the high concentration of calcium developing in such cases would presumably have the same action on bone growth as in idiopathic or nutritional hypercalcaemia.
Similarly when other causes of hypercalcaemia lead to renal failure, the ensuing sclerosis may arise from both these factors. Identifiable subperiosteal erosions may point to a renal origin. It was noted that the cases of hypercalcaemia and sclerosing osteodystrophy came from limestone areas, and not from the city which provides most of our X-ray material.
